demonstrate that neoadjuvant intravitreous bevacizumab does not decrease the size of large uveal melanomas and may, in fact, result in their paradoxical growth. This observation supports a cautious approach in the use of intravitreous bevacizumab for uveal melanoma, particularly in the neoadjuvant setting.
Introduction
There is a size limit for treatment of uveal melanoma by plaque brachytherapy, predominantly restricted by the penetration of the isotope and the depth that a tumoricidal dose can be given. In the Collaborative Ocular Melanoma Study (COMS), tumors greater than 10 mm in height were constrained to treatment by enucleation (with or without preoperative external beam radiation to the orbit) [1] . In some fields of oncology, tumors are chemoreduced prior to radiation treatment, sometimes with the intention of reducing the field of radiation and associated dose-related toxicity. This is not routinely done in primary uveal melanoma, in part because there is no known effective chemotherapeutic agent for this tumor.
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Abstract Purpose: Typically treatment of large melanomas (by Collaborative Ocular Melanoma Study criteria) is restricted to enucleation, due to size constraints for plaque brachytherapy. Because primary and metastatic uveal melanoma cells are inhibited by bevacizumab (an anti-vascular endothelial growth factor), this prospective study evaluated the impact of intravitreal bevacizumab on large uveal melanomas that were destined for enucleation. Size reduction by bevacizumab would potentially salvage these eyes by making them eligible for treatment with plaque brachytherapy. Procedures: Two patients with large uveal melanoma were each treated with one intravitreous injection of bevacizumab (1.25 mg/0.05 mL). Results: Both tumors displayed paradoxical growth 1 week following the injection, with confirmed growth 1 week later (increase from baseline of 1.1 mm in one eye and 3.1 mm in the other eye). Both eyes were enucleated and monosomy 3 and vasculogenic mimicry patterns were identified in both tumors. At 9 years follow-up, both patients were alive and metastasis free. Conclusion: These patients However, it is known that uveal melanoma expresses vascular endothelial growth factor (VEGF) [2] . In addition, bevacizumab (a recombinant humanized monoclonal antibody that acts as anti-VEGF agent) can suppress the growth of both uveal melanoma and hepatic metastases of uveal melanoma in a dose-dependent manner in an animal model [3] . Furthermore, intravitreal injections of bevacizumab allow for penetration of drug into the choroid [4] . Therefore, we theorized whether intravitreous bevacizumab could shrink large uveal melanomas in eyes restricted to enucleation, with the potential of reducing the tumor to a size amenable to treatment with plaque brachytherapy. We herein report on a prospective trial using intravitreous bevacizumab as neoadjuvant treatment in eyes with large uveal melanomas destined for enucleation.
Methods
This prospective study was approved by the Institutional Review Board of Memorial Sloan Kettering (#07-040, NCT00596362) and patients signed informed consent prior to inclusion in the study. The study included patients aged 18 years or older with large uveal melanoma defined as tumor thickness >10 mm or basal diameter >16 mm (as measured by ultrasound, fundoscopic exam, or transillumination), who elected to undergo an enucleation. Two patients were enrolled in the study and no additional patients were enrolled due to paradoxical growth of tumor in the two initially enrolled patients, which led to closing the study prematurely. Prior to enucleation and during the preoperative period (systemic workup and presurgical clearance), patients received an intravitreous injection of bevacizumab (1.25 mg/0.05 mL) to a tumor-free quadrant of the eye by standard injection procedure. The tumor was evaluated weekly using indirect ophthalmoscopy, ultrasound, transillumination, and slit-lamp examination (with gonioscopy if indicated). The tumor height was evaluated on two sequential, weekly visits: if the tumor height remained the same or increased, the eye would be enucleated, and if the tumor decreased in height to that of a COMS medium-sized melanoma, the option of plaque brachytherapy would be offered to the patient. Enucleated specimens were histopathologically evaluated and cytogenetic analysis by fluorescence in situ hybridization was performed by a previously reported method [5] . On one specimen, angiogenic hot spots were evaluated by immunohistochemistry to endothelial cell markers CD34, CD31, factor 8, and CD105.
Results
Case 1
A 52-year-old woman was diagnosed with a choroidal melanoma in the right eye measuring 14 mm in diameter and 11.4 mm in height by ultrasonography. Magnetic resonance imaging of the abdomen revealed no evidence of metastatic disease and the patient elected to enroll in the present study. She received one intravitreous bevacizumab injection to the right eye. At 1 week following the injection, the tumor height had increased to 11.8 mm, and 1 week later, the tumor had increased to 12.5 mm. The eye was subsequently enucleated 2 months later, at which point the height measured 15.0 mm ( Fig. 1 ) . On pathology, the tumor was composed of spindle cells, had 5 mitotic figures per 40 high-power fields, fewer than 100 tumor-infiltrating lymphocytes in 40 high-power fields, and contained vasculogenic mimicry patterns ( Fig. 2 ) . Monosomy 3 was identified in 70% of cells. At 9 years follow-up, the patient remains alive and metastasis free.
Case 2
A 35-year-old man was diagnosed with a ciliochoroidal melanoma in the right eye measuring 10 mm in diameter and 11.5 mm in height by ultrasonography. Magnetic resonance imaging of the abdomen revealed no evidence of metastatic disease and the patient elected to enroll in the present study. He received one intravitreous bevacizumab injection to the right eye. At 1 week following the injection, the tumor height had increased to 14.5 mm, and 1 week later, the tumor was found to measure 14.6 mm and the eye was enucleated ( Fig. 1 ) . On pathology, the tumor was composed of mixed (predominantly epithelioid) cells, had 4 mitotic figures per 40 high-power fields, fewer than 100 tumor-infiltrating lymphocytes in 40 high-power fields, and contained vasculogenic mimicry patterns ( Fig. 2 ) . Immunostaining with CD31 demonstrated a possible focal angiogenic hot spot adjacent to an incorporated choroidal blood vessel; CD34, CD105, and factor 8 did not show evidence of angiogenic hot spots. Monosomy 3 was identified in 76% of cells. At 9 years follow-up, the patient remains alive and metastasis free.
Discussion
Based on equivocal survival rates demonstrated in the COMS, medium-sized uveal melanomas can be treated with enucleation or plaque brachytherapy [6] . However, due to tumor size restrictions for radioactive iodine seeds, large uveal melanomas are conventionally treated by enucleation (although they can be controlled with plaque radiation in some cases [7] ). In this study, two eyes with large uveal melanomas were treated with a single injection of bevacizumab prior to enucleation with the hy-pothesis of inducing tumor reduction. However, in both patients, tumors demonstrated growth following the injections: at the time of enucleation, one tumor had increased in size by 31% while the tumor in the second eye increased by 26%. This is consistent with a prior study that demonstrated continuous progression of uveal melanoma in eyes treated with multiple anti-VEGF injections for presumed choroidal neovascular membrane [8] . There is evidence to suggest an upregulation of VEGF in uveal melanoma and in accordance to this, suppression of both primary and metastatic uveal melanoma cells by anti-VEGF bevacizumab [3, 9, 10] . However, there is also evidence demonstrating the opposite phenomenon. In one study, in vitro exposure of B16F10 and human uveal melanoma cells led to paradoxical VEGF-A upregulation, and intraocular bevacizumab stimulated B16F10 melanoma growth in murine eyes [11] .
Paradoxical effects of VEGF are thought to occur through splice variants of human VEGF-A, which inhibit (not promote) angiogenesis. For instance, VEGFA165b is a splice variant which acts in the negative regulation of angiogenesis, and in the presence of VEGFblockage, can result in vessel growth [12] . Although bevacizumab has been used for the treatment of metastases of several malignancies, levels of the splice variant VEGF-A165b can have prognostic value. For instance, low serum levels of this isoform were predictive of prolonged progression-free survival in metastatic colorectal cancer patients treated with bevacizumab [13] . Not all VEGF isoforms act to promote angiogenesis and some isoforms inhibit cell migration and proliferation in vitro [14] , which may explain some of the paradoxical effects of VEGF or anti-VEGF therapy that have been reported in the literature.
It is intriguing to find that both tumors in this series were monosomy 3 and exhibited vasculogenic mimicry patterns: genetic and histopathological findings that have been associated with an aggressive clinical course [15, 16] . However, it should be emphasized that both patients in this study are alive and metastasis free 9 years following enucleation. It begs the question as to whether these tumors, with a relatively unaggressive clinical course, would have exhibited a vasculogenic mimicry pattern had they not been exposed to intravitreous bevacizumab. Recent evidence does suggest that melanoma cells receiving VEGF-A inhibition undergo an adaptive resistance and adopt vasculogenic mimicry patterns as an alternative tumor perfusion strategy [17] .
The question remains as to whether an alternate mode of delivery of anti-VEGF (such as intra-arterially) would optimize distribution of the drug and yield different results. It is also possible that the continued growth observed was due to the natural history of uveal melanoma. However, there is evidence to suggest the need for caution when using anti-VEGF agents for uveal melanomas. In summarizing their study that demonstrated paradoxical growth of melanoma cells, el Filali et al. [11] write that the use of intraocular bevacizumab for treatment of radiation retinopathy in eyes with uveal melanoma "should be considered carefully, because of the possible adverse effects on residual UM cells." Based on the results of this present study, where uveal melanoma in two patients neither decreased nor stabilized in size but instead demonstrated growth, the same caution may be warranted in the neoadjuvant use of intravitreous anti-VEGF therapies.
